We present very long baseline interferometry (VLBI) observations of 179 radio sources in the COSMOS field with extremely high sensitivity using the Green Bank Telescope (GBT) together with the Very Long Baseline Array (VLBA) (VLBA+GBT) at 1.4 GHz, to explore the faint radio population in the flux density regime of tens of µJy. Here, the identification of active galactic nuclei (AGN) is based on the VLBI detection of the source, i.e., it is independent of X-ray or infrared properties. The milli-arcsecond resolution provided by the VLBI technique implies that the detected sources must be compact and have large brightness temperatures, and therefore they are most likely AGN (when the host galaxy is located at z≥0.1). On the other hand, this technique allows us to only positively identify when a radio-active AGN is present, i.e., we cannot affirm that there is no AGN when the source is not detected. For this reason, the number of identified AGN using VLBI should be always treated as a lower limit. We present a catalogue containing the 35 radio sources detected with the VLBA+GBT, 10 of which were not previously detected using only the VLBA. We have constructed the radio source counts at 1.4 GHz using the samples of the VLBA and VLBA+GBT detected sources of the COSMOS field to determine a lower limit for the AGN contribution to the faint radio source population. We found an AGN contribution of >40-75% at flux density levels between 150 µJy and 1 mJy. This flux density range is characterised by the upturn of the Euclideannormalised radio source counts, which implies a contribution of a new population. This result supports the idea that the sub-mJy radio population is composed of a significant fraction of radio-emitting AGN, rather than solely by star-forming galaxies, in agreement with previous studies.
Introduction
The radio source count distribution (Ballantyne 2009 ) has been a classic tool to determine the fraction of active galactic nuclei (AGN) of the sub-mJy radio population. Nevertheless, discrepancies exist in the analysed contributions to the faint radio population (see Padovani 2016 for a thorough review of the faint radio sky). A possible reason might be the difficulty of identifying and separating AGN and star-forming galaxies. Gruppioni et al. (2003) suggested that the fraction of starburst galaxies is expected to be 60% in the µJy regime. Padovani et al. (2009) found a roughly equal contribution of star-forming galaxies and AGN to the sub-mJy sky. Fomalont et al. (2006) determined that 40% of the µJy radio sources are dominated by AGN processes. Smolčić et al. (2008) found that the faint radio population is a mixture of 30%-40% star-forming galaxies and 60%-70% AGN. Table 1 and Table 2 will be also available in electronic form at the CDS. Simpson et al. (2006) suggested that the flattening of the radio source counts that appears below 1 mJy when the radio source counts are normalised to an Euclidean space may be mainly due to radio-quiet AGN.
A drop in the AGN source counts at ∼70µJy is indicated by simulations of the extragalactic radio continuum sky (Wilman et al. 2008 ) and a similar drop is seen in the work by Padovani et al. (2011) . The flattening of the Euclidean-normalised radio source counts suggests that the processes taking place in the sub-mJy population are different from the population at larger flux densities and has mostly been associated with star-forming galaxies (Seymour et al. 2004 ). Jarvis and Rawlings (2004) were the first to suggest that the radio-quiet AGN population, which constitutes 90% of the AGN population, may contribute significantly to this upturn, instead of solely the low-redshift, starforming population. In addition, various multi-wavelength studies argue that the impact of radio-quiet AGN on the sub-mJy radio sky is still significant (Smolčić et al. 2008; Article number, page 1 of 14 arXiv:1804.10464v1 [astro-ph.GA] 27 Apr 2018 A&A proofs: manuscript no. vlba_gbt_final_print 2011). Padovani et al. (2015) found that star-forming galaxies become the main population of the faint radio sky only below ∼0.1 mJy and Smolčić et al. (2017a) that the low-to-moderate radiative luminosity AGN dominate the faint radio population above ∼0.2 mJy, while the fraction of star-forming galaxies increased to ∼60% below ∼0.1 mJy.
In Herrera Ruiz et al. (2017) we report on a sample of 468 radio sources of the COSMOS (Cosmic Evolution Survey) field detected with the Very Long Baseline Array (VLBA) at 1.4 GHz. These sources are considered AGN since only they can reach brightness temperatures greater than 10 5 K (Condon 1992), required for a detection using very long baseline interferometry (VLBI) observations (when the redshift of the host galaxy is larger than 0.1). The median redshift of the VLBA detected sources is ∼1. The VLBA observations provided milli-arcsecond resolution images and a 1σ sensitivity of 10 µJy/beam in the central part of the field.
The COSMOS project is aimed to probe the evolution of galaxies through cosmic time (Scoville et al. 2007 ) and it is characterized by an extraordinary multi-wavelength coverage. It has been observed with high sensitivity in more than 30 photometric optical to near-infrared bands, and it has an excellent radio coverage. It is centred at RA (J2000) = 10:00:28.6 and Dec (J2000) = +02:12:21.0 and it covers an area of 2 deg 2 . We have observed one additional pointing of the COSMOS field with the Green Bank Telescope (GBT) together with the VLBA (hereafter VLBA+GBT) to achieve higher sensitivity to detect even fainter sources. The pointing contained 179 radio sources from the Karl G. Jansky Very Large Array (VLA) catalogue of Schinnerer et al. (2010) . We have made use of the wide-field VLBI technique (Garrett et al. 1999; Middelberg et al. 2012 ) and the multi-phase centre mode (Deller et al. 2007 (Deller et al. , 2011 to carry out the observations. The GBT is the world's largest fully steerable radio telescope. It is a parabolic off-axis reflector with a 100 meter by 110 meter active surface, which is able to adjust the panel positions with a high accuracy to correct for the deformation of the mirror due to the gravity. It is located in the National Radio Quiet Zone (NRQZ) of the United States, where all radio transmissions are strictly restricted by law to help scientific research and minimise interferences with the radio telescopes at Green Bank (West Virginia). The enormous collecting area of the GBT, which provides superb sensitivity, its flexibility and its location within the Radio Quiet Zone make it an ideal complement to the VLBA to study the faint radio population. The expected sensitivity improvement due to the inclusion of the GBT in the VLBA observations is about a factor of 2.8 1 . We have combined our sample of VLBA-detected sources (Herrera Ruiz et al. 2017 ) with the additional sources detected with the VLBA+GBT, being most likely AGN, to constrain the fraction of AGN in the µJy regime. In this paper, we present the VLBA+GBT observations (Sect. 2) and the resulting catalogue of detected sources (Sect. 3). We discuss the Euclideannormalised radio source counts in Sect. 4 and Sect. 5, and we list our main conclusions in Sect. 6.
Observations and data calibration

Sample
To perform self calibration, we required the presence of a strong, unresolved source close to the field centre. Within our VLBA 1 http://www.evlbi.org/cgi-bin/EVNcalc Fig. 1 : The observed pointing using the VLBA+GBT in the COSMOS field. The black circle represents the radius within which sources were targeted (9 arcmin). C2284 is located at the centre of the pointing. The background greyscale image is a mosaic of COSMOS Subaru 'i' band data 2 .
sample (Herrera Ruiz et al. 2017), we detected a compact core which had a VLBA flux density of 9 mJy and was located at RA (J2000) = 10:01:20.06 and Dec (J2000) = +02:34:43.67. We identified this source as C2284 in the VLBA project and we chose it to be the main in-beam calibrator in order to be able to self-calibrate the VLBA+GBT data. We targeted all known VLA radio sources from Schinnerer et al. (2010) located within a radius of 9 arcmin (the FWHM of the GBT primary beam at 1.4 GHz) from C2284. The total number of targeted sources was 179, of which 26 were previously detected with the VLBA. Table A.1 (Appendix A) contains the information of the 179 targeted sources.
Observations
The observations of the 179 targets in the COSMOS field with the VLBA+GBT were carried out between November and December 2015. The central frequency of the observations was 1.54 GHz and we used the multi-phase centre mode of the VLBADiFX correlator (Deller et al. 2011) . The position of the observed pointing in the COSMOS field is shown in Fig. 1 . The pointing was observed 4 times for 6 hours, resulting in 4 individual epochs.
Observations of the phase calibrator J1011+0106 were carried out every 26 minutes for 1.5 minutes, since we used the source C2284 as an in-beam calibrator. The fringe-finder 4C 39.25 was observed every 2 hours. Eight intermediate frequencies (IFs) with a bandwidth of 32 MHz were observed in two circular polarizations. We requested a recording rate of 2 Gbps and a minimum number of 9 VLBA antennas together with the GBT to achieve the required sensitivity.
Data calibration: Primary beam of the GBT
We followed the same steps to calibrate the VLBA+GBT data as those followed to calibrate the VLBA data, which are explained in detail in Herrera Ruiz et al. (2017) . In general terms, we carried out amplitude calibration using the system temperature (T sys ) of the antennas and known gain curves, followed by phase calibration using the residual delay and phase measurements from the phase calibrator. The data were edited using our own flagging program. Then, we carried out the primary beam correction, and self-calibrated the data using both the in-beam calibrator and the multi-source self-calibration technique. Lastly, we combined the data collected for each source over four epochs. After calibration was complete, we created naturally-weighted images for source extraction as well as uniformly-weighted images for source flux density and position measurements. The median of the restoring beam of the naturally-weighted images was 16.1 × 6 mas 2 and of the uniformly-weighted images 12.3 × 5 mas 2 , a similar resolution to that achieved with the VLBA observations (Herrera Ruiz et al. 2017: 16 .2 × 7.3 mas 2 for the naturally-weighted images and 12.4 × 5.3 mas 2 for the uniformly-weighted images).
The only different step was the primary beam correction because the response of the GBT primary beam was yet untested in VLBI observations. We explain the primary beam correction of the VLBA+GBT data in detail as follows. Middelberg et al. (2013) modeled the VLBA primary beam response by observing a pattern of pointing positions around a strong radio source (3C 84). We followed a similar method to create a model of the GBT primary beam response. For this purpose, we performed an extra 1 hour observation. We pointed the GBT in a spiral pattern around the bright calibrator 3C 84 (Fig. 2) to determine the primary beam response of the GBT. On the other hand, we pointed all the VLBA antennas to 3C 84 continuously because the VLBA primary beam response was already known. As a result, the amplitude measured on the baselines from a VLBA antenna to the GBT would be reduced only by the primary beam response of the GBT. We placed the spiral pattern slightly offset from the central position to have the observed positions uniformly distributed within the primary beam. To measure the amplitude variation as a function of the distance from the central position (3C 84), the correlation was carried out with 3C 84 as the phase centre always. We observed each numbered position in the spiral pattern with the GBT for 1 minute. We pointed the GBT back to 3C 84 every 4 minutes for 1.3 minutes for phase and amplitude calibration. Figure 3 represents an example of a plot showing the visibility amplitude of 3C 84 measured by some of the baselines between the GBT (GB) and a VLBA station (HN, LA and NL) as well as the amplitude of 3C 84 measured by baselines only between VLBA stations, as a function of time. Only first corrections and amplitude calibration were carried out at the stage when this plot was made. In the case of the amplitude measured by baselines between the GBT and a VLBA station, the variation caused by the primary beam attenuation of the GBT is noticeable. The reason for some scans being higher at later times is because some of the observed positions closer to the center of the field were observed later than others located further away due to the offset of the spiral pattern. The maximum flat scans are a result of the GBT being pointed back to 3C 84 every 4 minutes for calibration purposes. In the case of the baselines involving only VLBA antennas, the measured amplitude is roughly constant, as expected since the observation is relatively short. We performed the primary beam correction using the task CLVLB in AIPS (Astronomical Image Processing System, Greisen 2003; Fomalont 1981) . This task needs the following inputs: i) the antenna number, ii) the azimuth squint, iii) the elevation squint and the frequency at which they were measured, iv) the antenna effective diameter and the frequency at which it was measured, and v) the change of effective diameter with frequency 3 . The only unknown parameter was the antenna effective diameter, D, of the GBT.
The power pattern of an antenna can be described by a Gaussian or by an Airy disk. To estimate D, we measured the variation of the amplitude as a function of the distance to 3C 84 and we fitted an Airy disk model using the following expression:
where J 1 (x) is the Bessel function of first order, θ is the angle between the optical axis and the observing direction, D is the antenna diameter, and λ is the observing wavelength. The Gaussian function is expressed as:
where σ is the standard deviation and µ is the expected value.
The full width at half maximum (FWHM) is given by:
The normalised peak flux densities measured with three baselines between the GBT and a VLBA station as a function of the distance to the field centre before and after applying the primary beam correction are shown in Figure 4 . The Airy disk model gave an effective diameter of 70.2 meters for the GBT. The Gaussian model gave a FWHM of 9.58 arcmin. One can see that the corrected peak flux densities after applying the primary beam correction are roughly flat, with a mean value of 1.03 and a standard deviation of 0.07. The reason for the reduced effective diameter of the GBT compared to its geometric diameter can be related to several potential loss factors like feed illumination efficiency. The slight under-illumination is intentional at the GBT in order to minimize spill-over from beyond the dish surface, which would otherwise increase T sys and the likelihood of contamination by radio frequency interference. Figure 5 shows the sensitivity map of the VLBA+GBT observations. We followed the same procedure as described in Herrera Ruiz et al. (2017) to obtain it. The rms noise level in the centre of the pointing is high because the calibration process was not able to remove entirely the sidelobe level associated with the strong radio source on which the pointing was centred.
Sensitivity map
The 100-meter diameter collecting area of the GBT and its extraordinary surface accuracy yielded an exceptional sensitivity. The achieved 1σ rms noise level by the VLBA+GBT observations was 3 µJy, three times better than the sensitivity achieved White contours were drawn at 3.5, 4.9, 7 and 9.9 µJy/beam. The high rms in the centre of the map is a result of the calibration process not being able to completely minimise the sidelobe level associated with the strong source at this location.
by the VLBA observations (Herrera Ruiz et al. 2017 ), according to our expectations.
Catalogue
We followed the same methods for source extraction and to measure the VLBA+GBT flux density and position of the sources as those explained in detail in Herrera Ruiz et al. (2017) . Once all the VLBA+GBT data were calibrated and imaged, we found 35 detected sources with a signal-to-noise ratio (S/N) greater than 5.5. Three of them were found to be multi-component sources. Ten of them were not detected before with the VLBA (because they would have been below the detection threshold of the VLBA observations, i.e., 55 µJy). One source of the input sample (C2625) was detected in the 2012-2013 observations by the VLBA alone, but was not detected with S/N > 5.5 in our new VLBA+GBT data set (although a source is seen at lower significance). Figure 6 shows the optical counterpart 5 and the VLBA+GBT and the VLBA contours of the C2625 images. One possible explanation is that C2625 might have been in a high flux density state in the moment of the VLBA observations and in a lower state in the moment of the VLBA+GBT observations, since this source is among the faintest VLBA detected sources. We reprocessed the image of C2625 excluding all baselines involving the GBT in order to create a VLBA-only image. With this exercise, we wanted to test the possibility of the GBT baselines being the reason of the non-detection by, e.g., introducing a different uv sampling. However, the result was similar to the one obtained including the GBT baselines, which supports the conclusion that the source is indeed variable, with a decline in flux density by ∼30% over a period of 3 years. Table 1 is the catalogue of the 35 VLBA+GBT detected sources. In the case of multi-component sources, we have added a lower case letter to the source ID for each component and we have included a new line in the catalogue, which contains the original ID (i.e., no lower case letter added) and the total integrated flux density that corresponds to the sum of the integrated flux density of each component.
We collected additional multiwavelength information for the 10 newly VLBA+GBT detected sources (see Table 2 ). The multiwavelength information for the rest of the sample, i.e., previously detected sources with the VLBA, can be found in Herrera Ruiz et al. (2017) . Counterparts have been associated via nearest neighbour matching (1 arcsec radius).
As we can see in Table 2 , we find a rather low number of X-ray counterparts for the VLBA+GBT detected sources. This result has been amply discussed in Herrera Ruiz et al. (2017), where we compared the sample of the VLBA detected sources to the sample of low-to-moderate radiative luminosity AGN (MLAGN) from Smolčić et al. (2017a) and found that most of the VLBA detected sources without an X-ray counterpart were also classified as MLAGN. We concluded then that X-ray surveys might miss AGN with low accretion rates, i.e., radiatively inefficient AGN. Heavily obscured, Compton-thick (N H > 10 24 cm −2 ) AGN might as well being missed by X-ray surveys (e.g., Xue 2017). However, Lanzuisi et al. (2015) analysed heavily obscured AGN in the XMM-COSMOS survey and obtained a final sample of ten Compton-thick AGN, none of which correspond to our VLBA+GBT sample.
Euclidean-normalized differential source counts
Differential radio source counts, dN/dS , have been frequently used to measure the contribution of AGN to the faint radio population. They represent the number of sources per flux density interval per unit solid angle as a function of flux density:
where N is the number of sources in a flux density bin, Ω is related to the area over which a source with flux density S (mean flux density of the bin) could be detected, and ∆S is the width of the flux density bin. We have analysed the Euclidean-normalised differential radio source counts in the µJy regime to estimate a lower limit for the AGN contribution to the faint radio population. For this purpose, we have used the sample of the VLBA detected sources (Herrera Ruiz et al. 2017 ) with the addition of the new sources detected with the VLBA+GBT. This sample is hereafter referred to as our VLBI sample. Our VLBI sample constitutes an AGN sample since only their brightness temperatures are high enough (>10 5 K) for a VLBI detection (see Condon 1992 for a detailed review of radio emission from galaxies). Occasionally, star-forming activity and transient events like radio supernovae and gamma-ray bursts can also reach this limit. Nevertheless, the transient events are quite rare at radio wavelengths and the luminosity of star formation drops below our detection threshold when the redshift of the host galaxy is larger than 0.1, where almost all of our sources are located. Moreover, the luminosities of our VLBI detected sources are all larger than 10 21 W/Hz, i.e., above the limit chosen by Kewley et al. (2000) to separate AGN from star-forming galaxies. Our AGN selection technique (based only on the large brightness temperatures of the sources) is then independent of the multiwavelength properties of the source, what gives us the opportunity to compare our results to those from other deep radio surveys that rely on them.
As an example, the q 24 parameter (ratio between the measured 24 µm flux density and the measured 1.4 GHz flux density, q 24 =log(S 24µm /S 1.4GHz )) is one of the observables generally used by radio surveys using multiwavelength diagnostics to classify their sources between radio-loud (RL) AGN, radio-quiet (RQ) AGN and star-forming galaxies. Ibar et al. (2008) analysed the 24 µm properties of a radio-selected sample and characterized the transition from RL AGN to RQ AGN and star-forming galaxies at faint ( 1 mJy) flux densities. They classified a source as a RL if q 24 < −0.23. As we have previously discussed, our (9): Stellar mass of the galaxy from Laigle et al. (2016) , in log(M ). Fig. 6 : Optical counterpart and radio contour plots of C2625. The header contains: i) The source name used in the present project; ii) the rms noise value at which the VLA contours start; iii) The VLBA+GBT naturally-weighted image S/N; iv) The VLBA naturallyweighted image S/N; v) The VLA peak flux density (in µJy); vi) The VLBA+GBT peak flux density (in µJy); vii) The VLBA peak flux density (in µJy). Left panel: The background greyscale image is the HST image of the optical counterpart (Koekemoer et al. 2007; Massey et al. 2010) . The white contours represent the VLA contours of the source, starting at four times the rms noise level of the VLA image and increasing by a factor of two. The blue circle represents the VLBA detection position. Middle panel: Green contours represent the VLBA+GBT contours of the source, starting at three times the rms noise level of the naturally-weighted image and increasing by a factor of √ 2. Right panel: Green contours represent the VLBA detection contours, starting at three times the rms noise level of the naturally-weighted image and increasing by a factor of √ 2.
VLBI observations are sensitive to AGN, and so the q 24 parameter would separate our VLBI detected sources between RL AGN and RQ AGN. Taking the threshold from Ibar et al. (2008) , we found that 66% of the VLBI detected sources (which have available 24 µm measurements) would be classified as RQ AGN and 34% as RL AGN.
The amount of detected sources in this project represents a lower limit on the number of AGN in the area. This is important in particular at faint flux densities, where the sensitivity of the observations and the compactness of the source play an important role. It is worth noting that we have used the VLA flux densities of our VLBI sample to construct the radio source counts because the high resolution of VLBI observations would resolve out a large percentage of their flux densities. Although bright radio AGN are expected to be highly variable, this might not be necessarily the case for the faint radio population. Carilli et al. (2003) analysed the variability of radio sources in the Lockman Hole region and found that the radio sky is not highly variable at the sub-mJy level. Moreover, variability seems to be more important at higher frequencies (e.g., Aller et al. 1985 ; Mooley et al. Fig. 7 : The 1.4 GHz Euclidean-normalised source counts (lower limits) of the VLBI-detected sources (red line) of the COSMOS field. We have used the associated VLA flux densities of the VLBI detected sources. The orange line represents the derived source counts (lower limits) using only the sample of VLBA detected sources. The green line represents the source counts from Bondi et al. (2008) and the blue line is the reconstruction of their results using the same procedure as for the VLBI-detected sources. The grey squares represent the data from Hopkins et al. (2003) and the grey line their polynomial fit. 2016). Therefore, we do not expect a significant effect on the radio source counts due to variability.
Two effects need to be taken into account in order to derive the radio source counts, concerning i) the estimation of the effective area (area where a source would have been detected), where the sensitivity of the observations plays an important role, and ii) the completeness of the survey, affected by the resolution of the observations. Extended sources are also affected by the resolution since part of their total radio flux density can be resolved out.
To ensure the right implementation of the procedure to derive the radio source counts, we first used the VLA sample from the VLA-COSMOS Large Project Catalog (Schinnerer et al. 2007) to construct the radio source counts. We then compared our results to those obtained by Bondi et al. (2008) , who analysed the radio source counts using the same VLA sample. The radio source counts using the VLA sample from Schinnerer et al. (2010) , which was our input catalogue, have not been analysed. Therefore, not all the sources in our VLBI sample might have been contained in the catalogue of Schinnerer et al. (2007) . We cross-matched our VLBI sample with the catalogue of Schinnerer et al. (2007) and we found 316 counterparts in the inner 1 deg 2 of the COSMOS field (1 arcsec matching radius), which was the region where the sensitivity was the deepest and mostly uniform.
In Fig. 7 , we show the reconstructed radio source counts following the procedure described by Bondi et al. (2008) (blue line) and the one published by Bondi et al. (2008) (green line). One can see that both results are in very good agreement with the exception of the lowest flux density bin. A small variation of the procedure to select the sources of the sample used by Bondi et al. (2008) , in particular the faintest ones, might be a possible reason for this difference. 
>4.228±0.997
We used then our VLBI sample to calculate the radio source counts using the same procedure. In this case, the effective area is a combination of the areas where a source would have been detected with the VLA and with the VLBA/VLBA+GBT. We determined the VLBA and VLBA+GBT effective areas using their sensitivity maps (see Herrera Ruiz et al. 2017 for the VLBA and Sect. 2.3.1 of this paper for the VLBA+GBT) and considering a S/N threshold of 5.5. It is worth noting that by using the VLBI sensitivity map to derive the effective area, we are implicitly assuming that 100% of the source flux density is contained in the VLBI-detectable compact component. As we showed in Herrera Ruiz et al. (2017) , this is frequently not the case. Furthermore, Rees et al. (2016) have shown, using our VLBA data set, that only about 50% of radio-loud AGN are detected by VLBI, and this fraction is independent of the properties of the host galaxy, and does not depend strongly on radio flux density. Therefore, particularly near the sensitivity limit, we will underestimate the AGN counts and so we derive a lower limit for the AGN contribution. Figure 7 shows the Euclidean-normalised radio source counts (lower limits) constructed with our VLBI sample (using the associated VLA flux densities). We present in Table 3 the flux density bin, S bin , the mean flux density, S , the number of sources observed, N, the lower limits for the differential source counts, dN/dS , and the lower limits for the Euclideannormalised differential source counts, (dN/dS )S 2.5 , with their estimated Poissonian errors. In addition, we have plotted in Fig. 7 the derived source counts considering only the sample of VLBA detected sources, i.e., not taking into account the sample of VLBA+GBT detected sources. We can see that with the addition of the GBT to the VLBA we are able to recover a higher number of faint sources.
A similar flattening to the total source counts seems to appear also in the case of the source counts of the VLBI-detected sources at flux densities between ∼100-500 µJy. The AGN contribution to the total source counts at that flux density range accounts for >40-55%. The AGN contribution is larger (>75%) at higher flux densities (∼0.5-1 mJy) and it may drop further at low flux densities (<100 µJy), although our results there are only relatively weak lower limits, as discussed in the following section. Additionally, we calculated the ratio between the measured flux densities using VLBI and the VLA flux densities of our VLBI sample and found the median value to be 0.63. This means that at least 63% of the radio emission comes from the AGN, since the VLBI observations provide a lower limit on the AGN emission. The difference of the radio emission might come either from star formation, since it would have been resolved out by VLBI, or from more extended radio emission of the AGN, e.g., large-scale jets and lobes. Then, the star formation contribution here should be considered only as an upper limit. This is in agreement with the results from Ballantyne (2009) , who argued that the µJy AGN population might undergo moderate levels of star formation, making them ideal objects for future studies of the AGN-host galaxy co-evolution.
Our results strengthen the hypothesis that a significant fraction of the faint (sub-mJy) radio population is AGN-powered, rather than being composed solely of star-forming galaxies, especially since these fractions represent a lower limit.
Discussion
We compare our derived source counts with several projects with independent estimates available in the literature (see Fig. 8 ). In particular, Padovani et al. (2015) and Smolčić et al. (2017a) analysed the radio source counts using completely different methods of AGN identification. Padovani et al. (2015) studied the Extended Chandra Deep Field South (ECDFS) VLA sample at 1.4 GHz. Their AGN classification was based either on a radio excess shown by the q 24obs parameter (the ratio between the observed 24 µm and 1.4 GHz flux densities) or on evidences of AGN activity in other bands (hard X-rays or IRAC colourcolour diagram). Smolčić et al. (2017a) studied the faint radio population composition from the VLA-COSMOS 3 GHz Large Project (Smolčić et al. 2017b) . Their AGN classification was based on various criteria involving X-ray luminosity, observed mid-infrared colour, ultraviolet-far-infrared spectral energy distribution, rest-frame near-ultraviolet-optical colour corrected for dust extinction, and radio-excess relative to that expected from the star-formation rate of the hosts (see also Delvecchio et al. 2017) . At flux densities between ∼150 µJy and 1 mJy, our derived source counts of VLBI-detected sources are in very good agreement with the results from Padovani et al. (2015) and Smolčić et al. (2017a) . Wilman et al. (2008) performed simulations of the extragalactic radio continuum sky to optimize the design of future radio interferometers like the Square Kilometre Array (SKA). The VLBI observations should be able to detect the FanaroffRiley class I (FRI) radio galaxies and the radio-quiet quasar populations. Therefore, our derived source counts should be compared to the predicted FRI+RQQ source counts by Wilman et al. (2008) , which would lie close to the observational results from Padovani et al. (2015) and Smolčić et al. (2017a) . They are in good agreement except for the faint end of our derived source counts, which seems to follow only the FRI population. We discuss this drop in the following.
As mentioned before, adding the GBT to the VLBA to increase sensitivity leads to a higher detection fraction of faint sources. Moreover, our derived source counts represent a lower limit on the AGN contribution to the radio population since we have used the VLBI sensitivity maps to estimate the effective area. Therefore, the sensitivity limit of our VLBI observations is most probably the reason for the drop of our derived source counts at flux densities below 100 µJy. If we consider the flux density range between 180 and 360 µJy, we find that 50% of the VLBA+GBT detected sources have a VLBI brightness lower than 50% of the VLA flux density. In the case of flux densities below 100 µJy, we find that none of the VLBA+GBT detected sources have a VLBI brightness below this threshold, which means that near the sensitivity limit only sources that are almost entirely compact on milliarcsecond scales can be detected. Mid- Fig. 8 : Euclidean-normalised source counts comparison to the literature. The black line represents the polynomial fit to the total source counts from Hopkins et al. (2003) . The dashed and dot-dashed blue lines represent the predicted source counts of Fanaroff-Riley class I (FRI) radio galaxies and radio-quiet quasars (RQQ), respectively, by Wilman et al. (2008) . The red diamonds represent the lower limits for the source counts of our VLBI-detected sources. The purple triangles represent the source counts of the VLBI-detected sources by Middelberg et al. (2013) . The green stars represent the AGN source counts from Padovani et al. (2015) . The orange inverted triangles represent the AGN source counts from Smolčić et al. (2017a Smolčić et al. ( ). delberg et al. (2013 analysed the radio source counts using a sample of VLBI-detected sources in the Lockman Hole/XMM field. Their observations had a 1 σ sensitivity of ∼20 µJy beam −1 near the pointing centre and they used a 6 σ detection threshold. Our observations are therefore ∼7 times more sensitive and we can see in Fig. 8 that the drop of our derived source counts occurs at a flux density ∼7 times lower than the flux density at which the drop of the source counts from Middelberg et al. (2013) occurs, which is consistent with the non-detection of partially resolved sources being the main culprit for the drop-out in both cases. Middelberg et al. (2013) also carried out an additional test to demonstrate that the sensitivity of the observations plays an important role in the construction of the radio source counts. They suggested that the source counts of VLBI detected sources would rise towards the total one with better sensitivities. This is exactly what we see using our VLBI sample, whose VLBI observations had a better sensitivity than the one by Middelberg et al. (2013) (see Fig. 8 ).
Completely different observational methods of AGN identification produce very similar results, making the AGN contribution to the sub-mJy radio population strongly reliable.
Conclusions
We have observed one pointing with 179 sources of the COS-MOS field using the VLBA+GBT at 1.4 GHz. The main goal of the observations was to achieve a better sensitivity than that obtained with the VLBA observations (Herrera Ruiz et al. 2017) in order to reach even fainter sources. We have analysed the primary beam response of the GBT to calibrate the VLBA+GBT data as it was yet untested in VLBI observations. We have cali-1. We have detected 35 sources in a single pointing with the VLBA+GBT, 10 of these were previously not detected using the VLBA only. We have constructed and presented the catalogue of the VLBA+GBT detected sources along with a catalogue containing multiwavelength information of the 10 newly detected sources. 2. The VLBA+GBT detected sources can be considered as AGN because of the very high brightness temperature (> 10 5 K) that an object needs to have to be detected with VLBI observations (when the host galaxy of the object is located at a redshift larger than 0.1, where all the VLBA+GBT detected sources are). 3. We have constructed the Euclidean-normalised radio source counts using the sample of VLBA detected sources (Herrera Ruiz et al. 2017 ) together with the sample of the new sources detected with the VLBA+GBT. The obtained radio source counts represent a lower limit on the AGN fraction of the faint radio population. At flux densities between ∼100-500 µJy, we found a lower limit for the AGN contribution of >40-55% to the total source counts. This percentage increases for higher flux densities. Our results are in very good agreement with the findings from Padovani et al. (2015) and Smolčić et al. (2017a) , which use entirely different methods of AGN identification. At flux densities below 100 µJy, the source counts of our VLBI detected sources exhibit a steep drop. We think that the sensitivity limit of our VLBI observations is the reason for this drop. We see no evidence for a change in the AGN fraction at ∼100 µJy, implying that the expected eventual drop-out occurs at fainter flux densities. 4. Very similar results are produced by different observational lines of evidence, which strengthens the conclusion that a significant fraction of the sub-mJy radio population are radio-emitting AGN.
